This article reviews existing data concerning the causes and consequences of female malnutrition in sub-Saharan Africa. As in most parts of the world, the primary cause of female malnutrition is household food insecurity compounded by low household and individual incomes. Gender-specific factors that further undermine women's nutritional status are the severe physiological burden of frequent child-bearing and the continuous long hours of energy-intensive work. Negative consequences of malnutrition among females include high rates of mortality and morbidity, impaired learning, low birthweights, and reduced energy for discretionary activities. We question the conclusion of other studies that African women have developed special "adaptive mechanisms" to compensate for nutritional deprivation, and recommend that further research investigate the hidden individual and societal costs of malnutrition among women.
The hope in this article and its companion article [2] is that a first attempt to assemble in one place much of what is known about the nutritional situation of women and girls in sub-Saharan Africa will lead to interim recommendations that may be useful to policy makers and programme planners. Even more, it is hoped that this review will suggest hypotheses and stimulate interest in conducting multidisciplinary applied research concerning the extent, causes, and consequences of nutrition-related problems among sub-Saharan African females throughout their life cycle, and that such research will, in turn, provide a stronger foundation for the design of appropriate, cost-effective interventions to improve the nutrition and health situation of women and girls in this region.
Models of determinants of both children's and women's nutritional status standardly include quality and quantity of dietary intake, infection, and energy expenditure as proximate determinants, which are themselves seen to be determined by a range of household, community, national, and global variables related to wealth, food production, education, and availability of health services, among others [see refs. [3] [4] [5] . In sub-Saharan Africa in particular, women devote enormous amounts of time and energy to both their productive and their reproductive roles. The time-and energy-consuming nature of their tasks has significant implications for their own nutritional status and that of their children.
Women's role in food production and acquisition
Women's agricultural labour in sub-Saharan Africa is extremely important both as a percentage of total agricultural labour and as a percentage of women's total labour force participation. Almost 80% of economically women in sub-Saharan Africa are working in agriculture [6] . Throughout most of the region, women not only put in longer work days overall than men [7, 8] , but also spend more hours per week in agricultural work [1, 6] . Women's responsibility is at least equal to that of men in determining the quantity of food available at the 2 Female nutritional status across household level, and it is significantly more important in determining the variety and palatability of the household diet [9] . In sub-Saharan Africa, women's dominant role in both subsistence food production and food preparation may give them more control over their own and their children's dietary consumption than in some other regions of the world; however, this comes at the cost of extremely long and energy-demanding work days [9] [10] [11] . Findings from a study in Malawi of the gender division in agriculture-related decision-making are not atypical of the region as a whole [12] . This study found that husbands made most of the decisions regarding major farm inputs and had almost complete control over decisions concerning cash crop production. Women had significant input into decisions regarding the production of food crops, and full responsibility for decisions relative to the cultivation of selected vegetables, such as pumpkins and beans, that are used in food preparation. With respect to the use of income, men appeared to have control over formal, more regular sources of income (i.e., income from the sale of cash crops or employment), whereas women tended to manage the income from the sale of beer, fruits, or cooked food items.
An increase in demand for male labour during colonialism may help explain women's current dominance in agricultural labour. The current distribution of gender roles is, however, lopsided and asymmetrical. While women have taken over many of the tasks that were traditionally outside their domain, such as agricultural labour, men have not done the same in regard to women's roles [11] . The result has been an inequity in the burden of labour between men and women and simultaneous declines in women's social and economic status. Events occurring during colonialism adversely affected women in several ways. A redistribution of land caused women to lose their limited access to and ownership of land and their subsequent access to credit, loans, and technologies. An increase in cash cropping affected women by increasing demand for their labour. Finally, the imposition of Western notions of women's inferiority added to their declining status and clashed with African women's defined independent roles in their societies, which undermined women's ability to maintain good household nutrition [11, 13] .
Today, traditional food production and security strategies are rapidly changing in sub-Saharan Africa in response to population increases, deteriorating environmental conditions, and changing market circumstances, resulting in significant urban migration and increased linkages between rural communities and major urban centres. This adaptation process has led to significant modifications in food production patterns, in the distribution and acquisition of food, and in household food consumption. In particular, gender asymmetries in access to productive resources have meant that women are less able to take advantage of agricultural intensification strategies in their role as food producers [11, 14] .
Concerns have also been raised about the effects of agricultural intensification strategies on the health and nutritional well-being of women and children [11, 15, 16] . Some studies have suggested that an expansion and intensification of commercial agriculture in sub-Saharan Africa has contributed to gradual declines in food production levels and reductions in the amount of food available for household consumption. It has also been argued that women and children may be adversely affected by a shift to cash cropping as a result of increased demands on women's labour for agricultural activities and reductions in women's individually earned income, and that children, in particular, may be adversely affected by earlier weaning and a reduced frequency of meals during the peak of the agricultural season. Conversely, it has been argued that a shift to cash cropping has produced higher household incomes that lead to better household diets and, therefore, to improved nutritional status for all members of the household, including women and children.
The most rigorous examination of the effects of cash crop production on child health and nutrition comes from a comparative analysis of six methodologically similar studies carried out by researchers at the International Food Policy Research Institute (IFPRI). Four of these studies were conducted in sub-Saharan Africa (Gambia, Kenya, Malawi, and Rwanda [4] ), and the other two in Guatemala and the Philippines. In the African countries, a comparison of child outcomes in households that participated in a cash cropping scheme and those that did not found no evidence of a negative effect of participation in cash cropping on the nutritional status of children, but only weak evidence of a positive effect. The comparison with the findings from the Guatemala study, focusing on a vegetable cooperative, is illuminating. Guatemala was the only one of the six countries in which household participation in cash cropping was significantly associated with better child health and nutrition outcomes. This was attributed to the fact that the vegetable cooperative directly invested some of its profits in community health and social services.
Other studies from Africa have reported a negative association between increased cash cropping and both the quantity and quality of foodstuffs available for household consumption. Spring [17] presents numerous examples of the negative effects of increased production of non-food crops and sales of foodstuffs outside the household. In Zambia, Malawi, and Kenya, cash cropping resulted in decreased amounts of food available for household consumption, but whether this resulted in poorer nutritional status was not determined. One classic example is the introduction of cocoa production in Ghana, which resulted in a shift of responsibility for the labour-intensive production of yams from men to women. Unable to cope with their increased workloads, women eventually switched to producing cassava, which, while requiring less labour, is also less nutritious and less agriculturally advantageous than yams [18] .
Another study from the Gambia, however, reported a situation in which household nutritional status was positively affected by investments in technology, despite the fact that women lost control over a crop [19] . Rice, a crop traditionally controlled by women, was the focus of introduction of new modes of production. As technology increased, the percentage of rice fields for which women were responsible declined, which would normally result in reduced household energy consumption. In this case, however, overall household income increased, resulting in a significant improvement in the nutritional status of children and women, especially in the most nutritionally vulnerable households. The new rice technology also helped to level out seasonal fluctuations of women's weight, which was particularly beneficial for nutritional status during the rainy season, when food stores are low and energy expenditure is high.
A separate analysis of data from a study in Kenya by IFPRI examined the effects of the commercialization of agriculture on the allocation of time and the patterns of food consumption by women, as well as on their nutritional status [20] . The central findings were that women from households that produced sugar cane spent no more time away from home than women from households that did not produce sugar cane; that there were no significant differences in the amount of time spent on the various household activities (as the amount of time women spent on sugar cane production was negligible); and that the mean weights of women were similar in households that did or did not produce sugar cane.
The seasonal patterns of the agricultural cycle in sub-Saharan Africa impose different demands on women's energy expenditure throughout the year and have a significant influence on household food availability, women's energy intake, and women's nutritional status. The periods of greatest nutritional stress for rural women usually occur during the pre-harvest period (generally known as the "famine" or "lean" months), when household food stocks are low, the energy demands of agricultural work are highest, and energy intake is low [9, 10, 12, 21, 22] . In urban areas, periods of nutritional stress occur when the market prices of basic food commodities are highest.
The effect of seasonality on women's nutritional status in sub-Saharan Africa is particularly well illustrated by a study in southern Benin that compared the effects of seasonal changes in food availability on women's nutritional status in rural and peri-urban areas [23] . Findings were reported for a sample of 567 nonpregnant (but lactating) women, of whom 366 lived in rural areas and 201 lived in a pert-urban setting. The findings concerning seasonality were reported in terms of nutritional status changes between pre-and postharvest seasons. Twenty-five percent of the rural women gained more than 2 kg between the pre-and post-harvest seasons, and the average body mass index (BMI) also increased significantly during this period. In contrast, 25% of the pert-urban women lost more than 2 kg during the same time period and their BMI decreased, although the decrease was not statistically significant. The Benin study illustrates that the food security and nutritional consequences of seasonal changes in food availability can differ significantly between rural women (who depend mostly on food from their own production) and perturban women (who obtain a large proportion of their food through purchase).
Pregnancy and lactation
With an average regional fertility rate of 6.5% in 1990, women in sub-Saharan Africa had significantly higher fertility than women in any other region of the world [24] . Studies of food consumption during pregnancy and lactation in sub-Saharan African countries indicate that macronutrient intakes are low, in the range of 1,400 to 2,000 kcal and 25 to 50 g protein per day, while vitamin and mineral intakes are often extremely low [1, 25] . Although this low dietary intake clearly carries risks for both mothers and infants, several detailed studies suggest that when the energy cost of activity, reproduction, and lactation can be partially met by mobilization of maternal tissue stores, the impact of low energy intake on foetal growth and lactation performance is less than might be anticipated [26] . Other studies, however, emphasize that since lactation has even higher energy requirements than pregnancy, it is essential to increase energy intake, reduce energy expenditure, or both during breastfeeding to protect women's long-term nutritional status [27] .
Kosin et al. [28] analysed cross-sectional data on food consumption in Machakos area, Kenya, by pregnant, non-pregnant, and lactating women from October 1977 to December 1979, and found that the diets of pregnant women, and to a lesser extent those of lactating women, were inadequate both when compared with the intakes recommended by the World Health Organization (WHO), and when compared with the diets of nonpregnant, non-lactating women in the same population. Compared with the recommended daily intakes, pregnant women received adequate amounts of protein, thiamine, and ascorbic acid. However, their energy intakes were low, with median values ranging from 70% of recommended intake during the first trimester to 62% during the third trimester. An even larger deficit was recorded in the median calcium, iron, retinol equivalents, and riboflavin intakes of pregnant women. Kosin could not explain clearly why food intake was reduced in the last trimester of pregnancy and suggested that cultural factors could be major determinants, as food availability was not a constraint in that region. The dietary intake of lactating women was found to be inadequate in energy and in all nutrients except protein and ascorbic acid. However, the deficits noted were lower than the deficits found among pregnant women. The study found that mean weights remained the same during the first and second trimesters of pregnancy and were only 2 kg higher in the third trimester. The mean weight-forheight of lactating women at 15 to 24 months was slightly lower than the mean for women during the first year of lactation. The authors concluded that the nutritional status of Kenyan women deteriorated as pregnancy and lactation progressed.
Studies of European and American women report significant increases in skinfold thickness at triceps and subscapular sites of the body between 10 and 20 weeks of pregnancy. Comparable analyses of changes in skinfold thickness at various stages of pregnancy in Africa are rare. A study of pregnant Nigerian women is one of the few published studies on the subject [29] . It provides an excellent analysis of the magnitude and patterns of subcutaneous fat deposition at triceps and subscapular sites in a group of "normal" pregnant Yoruba women living under low socioeconomic conditions in rural areas. All the women in the study had had multiple pregnancies. Their mean age was 27 years, and on average each woman had completed four pregnancies at the time of the study. Other anthropometric measurements collected on the women included arm circumference, weight, height, age, and parity number. Like the Kenyan study described above and other research from sub-Saharan Africa, this study found low weight gains during pregnancy. The total mean weight gain between 20 and 30 weeks of pregnancy was 3.8 kg, which was about half of that reported for elite Nigerian women in Ibadan. The study also reported gradual declines in arm circumference and in triceps and subscapular skinfold thickness throughout pregnancy; the average total decline for the whole group was 4.1 mm. Thus, instead of showing a normal increase between 20 and 30 weeks of pregnancy, both individual and combined skinfold thickness at the triceps and subscapular sites of low-income pregnant Nigerian women declined. The authors interpret these declines as indicating a continuous depletion of the energy stores during the course of pregnancy to compensate for inadequate dietary intake. In addition, the study found a negative correlation between parity and subscapular skinfold thickness, which was interpreted as indicating that the ability of pregnant women to store body fat at the subscapular site decreased as parity increased.
There is mixed evidence concerning the extent to which women are actually able to reduce energy expenditure to compensate for the increased energy demands of pregnancy or lactation. Most research has found little evidence of a change in activity patterns or energy expenditure during pregnancy or lactation by women in sub-Saharan Africa or elsewhere in the developing world [12, 30] . However, a recent detailed study of the functional consequences of malnutrition among the Embu in Kenya found that reduction in energy expenditure during the third trimester was a major mechanism by which pregnant women were able to achieve reasonable infant birthweights in the face of inadequate dietary intake [31] . Evidence of the contribution of energy-sparing mechanisms to partially meet the additional energy demands of pregnancy also emerges from a series of studies of women in three rural Gambian villages. The energy expenditure of pregnant women on activities with relatively low energy demands did not appear to change over the course of pregnancy, whereas activities with higher energy demands were reduced during the second and third trimesters [3234] . Peacock and colleagues [35] reported a similar finding of a reduction in energy-intensive activities in one, but not both, of the Zairian tribal groups they studied. Among Efe women (semi-nomadic foragers), the proportion of time spent in the most energy-intensive activities was reduced during pregnancy and even more during lactation. However, no compensatory reduction in energy expenditure was found among pregnant or lactating Lese women, who work as swidden cultivators.
The general problem of meeting the nutritional demands of pregnancy and lactation on top of the already substantial energy demands of a long and physically demanding workday is particularly acute during seasonal periods of food shortage. This is well illustrated by the Gambian research referred to above. Fifty women subsistence farmers were followed through pregnancy, during which time some were provided with food supplements, and seasonal changes in basal metabolic rate, body fat, activity patterns, and total energy expenditure were assessed [36] . Seasonal variations in body-fat content were found to occur in all women, whether pregnant or not, and fat gain during pregnancy in individual women was found to be dependent upon the times of the year through which the pregnancy progressed. Seasonal fluctuations in body-fat content of rural Gambian women were as large as, or larger than, the changes resulting from pregnancy. Weight loss during the rainy season among unsupplemented nonpregnant, non-lactating women averaged 5 kg, most of which was adipose tissue. Among pregnant women, unsupplemented women who gave birth at the end of the rains (when agricultural activity was intense and food supplies were very low) lost 4.7 kg of body fat, whereas those who were pregnant during the dry season (when little agricultural work was done and food supplies increased) gained as much as 3 kg of body fat. The interaction between seasonality and supplementation was highly significant. In supplemented women, neither weight nor fat gain during pregnancy varied as much with season as in the unsupplemented group. Overall, supplementation increased fat gain during pregnancy by about 2 kg and gave some protection against seasonal weight loss. The authors interpreted their combined findings concerning changes in basal metabolic rate, fat deposition, and energy expenditure as demonstrating that maternal nutritional status in rural Gambian women is significantly compromised by pregnancy during the rainy season.
Given the marginal food availability in most of rural sub-Saharan Africa, and the need for women to continue with heavy physical work throughout most, if not all, of the time they are pregnant and lactating, the importance of ensuring an adequate interval after the end of lactation and before the next pregnancy to replenish maternal reserves of fat and other nutrients cannot be overemphasized. It is estimated, for example, that even when food intake is adequate, it may take two years to replenish body iron stores after a pregnancy [37] . In addition, efforts to reduce the energy demands on women during the preconception period, as well as during pregnancy and lactation, through easier access to needed resources, labour-saving devices, or both would be extremely beneficial in protecting the health of both women and children.
Functional consequences: Taking a life-cycle perspective
Malnutrition is multifactorial in its aetiology and cumulative in its manifestations. Merchant and Kurz [ref. 3, p . 73] note succinctly that "A nutritional problem is generally the consequence of earlier problems and the cause of later problems. " Some of the most important functional consequences of female malnutrition (for example, the obstetrical risks associated with short stature and iron-deficiency anaemia) have been studied directly in sub-Saharan African populations. Many other functional consequences of nutritional status (both positive and negative) have not been studied to any great extent among sub-Saharan African females directly, but reasonable extrapolations can be made based on studies of men or studies from other parts of the world.
Mortality and morbidity
The ultimate consequence of severe malnutrition is death. Malnutrition is a particularly significant contributing cause of infant and child mortality and of maternal mortality. On the basis of estimates made by UNICEF and others, it seems likely that at least a third of infant and child deaths in sub-Saharan Africa are partially attributable to protein-energy malnutrition [38] . And, in times of famine, both the rates of infant and child mortality and the proportion of total deaths attributable to malnutrition increase dramatically [39] .
Low birthweight, which can be due to either prematurity or intrauterine growth retardation, is the most significant nutritional risk factor for subsequent infant and child mortality. It has been estimated that maternal nutritional factors account for approximately half the influence of established determinants of intrauterine growth retardation in developing countries [40] . Current or past maternal malnutrition, as evidenced by short stature, low weight-for-height, poor-quality dietary intake, or excessive energy expenditure, is a significant risk factor for bearing infants of low birthweight, showing a direct intergenerational transmission of malnutrition.
Stunting and wasting among pre-school-age children, whether attributable to low birthweight or to poor diet and disease, significantly increase the risk of death. A study in Iringa, Tanzania, for example, found a sharp increase in mortality risk at weight-for-age below 60% of the median, weight-for-height below 70% of the median, and height-forage below 85% of the median [41] . Extensive work by Pelletier and his colleagues at Cornell University has clearly established that both severe and mild-to-moderate malnutrition contribute more significantly to child mortality than previously recognized. For example, from eight communitybased prospective studies of the relationship between anthropometry and child mortality (including studies from Malawi and Tanzania), they conclude that the relative risk is 8.4 for severe malnutrition, 4.6 for moderate malnutrition, and 2.5 for mild malnutrition 6 Female nutritional status across [42] . The finding of an increased mortality risk even among mildly to moderately malnourished children has important programmatic and policy implications, given the much larger number of such children compared with those who are severely malnourished.
After infants and pre-school-age children, those most at risk of mortality associated with malnutrition are women during pregnancy and childbirth. Given the extremely high rates of maternal mortality in sub-Saharan Africa [see ref. 2, table 1 ], assessing and reducing as many of the major causes of maternal deaths as possible will be a particularly important component of improving women's health in this region.
Obstructed labour and its sequelae are the most important causes of maternal death in sub-Saharan Africa [43] . The risk of obstructed labour, in which the birth canal is too small or too deformed to allow passage of the baby, is directly related to maternal age, developmental stage, and stature. The growth of the birth canal is not complete until about three years after height growth ceases, and protein-energy malnutrition both slows down the rate at which girls mature and, in many cases, permanently stunts their growth. Thus, protein-energy malnutrition directly increases the risk of obstructed labour, particularly among adolescent mothers. A study in Nigeria found that among a group of primigravidae who received prenatal care, the proportion who required operative delivery because of a small pelvis ranged from 40% among women under 145 cm tall, to 14% among those at least 150 cm tall, to less than 1% among those at least 160 cm tall [44] . A population-based case-control study in Harare, Zimbabwe, reported similar findings. When other factors were controlled, women of short stature (less than 160 cm) were twice as likely as taller women to have an operative delivery (Caesarean section, vacuum extraction, or forceps) because of cephalopelvic disproportion [45] . Given the relatively low rate of stunting among women in sub-Saharan Africa compared with other regions of the developing world, the importance of obstructed labour as a cause of maternal mortality may seem somewhat surprising. However, the proportion of births in sub-Saharan Africa occurring among young mothers who are not yet fully physically mature is part of the explanation. Even more significant is the widespread lack of access to timely medical intervention when obstructed labour does occur.
The other nutritional deficiency that significantly increases the risk of maternal mortality is anaemia. When anaemia is acute, it can cause death directly from heart failure or shock. Fortunately, even among malnourished women, anaemia this severe is quite rare. However, although less severe anaemia may not be a direct cause of maternal death, it is a significant contributory cause. In particular, anaemic women are less able to tolerate haemorrhage (both antepartum and post-partum), which is one of the four leading causes of maternal death in sub-Saharan Africa [43] . Anaemia is estimated to account for a fifth to a tenth of all maternal deaths in many countries of the region, and in the extreme circumstances of two refugee camps in Somalia, more than 90% of maternal deaths were associated with anaemia [37] . Again, however, it is probably more accurate to say that it is the combination of pre-existing anaemia, haemorrhage, and lack of access to medical care that causes women to die.
Scientific studies relating malnutrition to both infectious and non-communicable diseases have proliferated over the past decade. A large number of micronutrient deficiencies have been found to impair the function of the immune system, particularly through their effect on cellular immunity [46, 47] . The negative effect of zinc deficiency on the immune system seems to be particularly notable. As far as non-communicable diseases are concerned, the effect of malnutrition is cumulative and primarily manifests itself in disease outcomes during the post-reproductive years. Obesity, and probably excess dietary fat, are risk factors for both diabetes and coronary heart disease, whereas low consumption of the antioxidant vitamins A, E, and C increases the risk of developing most, if not all, cancers [48, 49] .
Although the negative effect of specific nutrient deficiencies on the effectiveness of the immune system has been demonstrated, the functional significance of this in terms of increased morbidity is less well established. The largest body of scientific evidence concerns the relationship between protein-energy malnutrition and diarrhoea. Although virtually all studies show a strong association between these two widespread health problems of childhood, the direction of causality has been more difficult to establish. Careful longitudinal studies suggest that pre-existing protein-energy malnutrition has a limited effect on the incidence of diarrhoea but significantly increases the duration [50, 51] . A study of more than 300 children between 6 and 32 months of age in northern Nigeria at the end of the rainy season found that diarrhoea lasted 37% longer in stunted children and 79% longer in wasted children; in this particular study, wasted children also had diarrhoea more frequently [52] .
A longitudinal study of the functional consequences of malnutrition in the Embu district of Kenya produced several important findings concerning the relationship between nutritional deficiency and subsequent morbidity, not only among preschool-age children, but also among reproductive age women [31] . In fact, one of the most striking results of the research was the finding that morbidity rates for the study sample as a whole doubled during the drought-related food shortage period in 1984 compared with 1985, when dietary intake had returned to more normal levels.
The same research found that stunting among toddlers (18 to 30 months) and, to a lesser extent, low weight-for-age significantly increased the risk of acute lower respiratory tract infections [31] . There were also significant sex differences. The percentage of time that female infants and toddlers spent ill was somewhat higher than for boys (47% versus 42%), and girls were found to have a duration of severe illness that was, on average, twice as long as that for boys. Girls also had an energy deficit during severe illness that was more than double that of boys, although this was somewhat balanced by a larger food intake during convalescence. Lagged analysis showed improved quality and quantity of food intake to be protective against severe illness among girls and boys, with both incidence and duration being affected. In terms of life-cycle effects of malnutrition, a particularly notable finding of the Embu study was that lower rates of maternal illness and higher maternal fat intakes were both significant predictors of less morbidity among their toddlers. The researchers interpreted both factors as indicative of higher levels of energy among mothers, who would then be better able to prevent or treat their children's illness.
Morbidity rates among reproductive-age Embu women were significantly higher among pregnant women than among non-pregnant women [31] . In addition to the well-established negative effects of pregnancy on the immune system, the researchers attributed the greater morbidity among pregnant women to their lower food intake. As with toddlers, among both pregnant and non-pregnant women, higher levels of food intake (particularly total energy, fat, and animal protein) were found to be protective against severe illness. Overall, women in this study were found to have higher illness rates than men, a difference that persisted even when pregnant women were excluded from the comparison. However, the authors caution that since women were the main informants, male illness may have been underreported.
Cognitive development and school performance
One of the clearest intergenerational effects of female malnutrition is the significant level of cretinism, deafness, and other congenital abnormalities among infants born to mothers who are severely iodine deficient. Endemic cretinism is estimated to affect up to 10% of the population living in severely iodine-deficient areas [53] . There are pockets of severe iodine deficiency in a majority of sub-Saharan African countries; in the region as a whole, there are estimated to be at least 500,000 overt cretins due to maternal iodine deficiency during pregnancy [48] . In addition to congenital cretinism, children who suffer from iodine deficiency during their pre-school or school years also show delayed mental development, although unlike cretinism, these cognitive impairments can be reduced with appropriate nutritional intervention.
Protein-energy malnutrition in children is also strongly associated with impaired motor and mental development [38, 54] . The effects appear to be both direct and indirect. A child who is malnourished is often apathetic or irritable and thus tends to receive less attention and positive stimulation than a betternourished child in a similar environment. Proteinenergy malnutrition is negatively associated both with the likelihood that children will go to school and with how well they are able to learn in school [55] .
The study of functional consequences of malnutrition among the Embu in Kenya discussed above found negative effects of malnutrition on cognitive development among both toddlers and school-age children [31] . In both age groups, stunted children were found to do less well on cognitive tests than children with normal height-for-age when other factors were controlled. Better dietary quality, particularly an increased intake of animal protein, fat, and several micronutrients (including but not limited to iodine), was found to have a significant positive effect on cognitive development. In addition, current activity level was strongly related to concurrent energy intake, and activity level and exploratory behaviour were found to be positively linked to learning among school-age children.
There are very few studies, in sub-Saharan Africa or elsewhere, of the effect of malnutrition on attendance, repetition, or drop-out rates among school-age children, although it is virtually inevitable that a high prevalence of malnutrition or other health problems among schoolage children will make them "inefficient" users of the educational resources available to them [55] . A detailed study of health and nutrition problems among school-age Yorubu children in Nigeria documents a high proportion of children going to school without breakfast and a high prevalence of growth retardation and micronutrient deficiencies. The study concludes that these lead to a high drop-out rate, poor intellectual performance, and low educational attainment, representing a serious economic loss to the government of Nigeria, which spends onefourth of its annual recurrent budget on primary-school education [56] .
The life-cycle consequences of malnutrition are also well illustrated by the linkages between malnutrition and schooling. Malnutrition during the preschool and school-age years has negative effects on girls' (as well as boys') school participation and performance. Low levels of maternal education are in turn significantly associated with poor child nutritional status, as well as with higher levels of child mortality [57] .
Reproductive function
The functional consequences of childhood malnutrition discussed above affect both males and females, although the long-term consequences may be different, and in some cases more severe, among females. However, the detrimental effect of malnutrition on reproductive function is specific to females (with the possible exception of effects of severe malnutrition on male fertility) and has grave life-cycle and intergenerational consequences.
Significant declines in fertility during famine, as well as a predictable return to previous levels of fertility once the famine is over, have been well documented [58] . Frisch [59] has developed a comprehensive model relating female malnutrition to a shorter and less efficient reproductive span through delayed menarche, reduced fecundity, lengthened post-partum amenorrhoea, and perhaps earlier menopause. Nonetheless, there remains considerable debate about the magnitude of any effects of female malnutrition on fertility in the chronically mildly to moderately malnourished populations of sub-Saharan Africa. An analysis of data from unrelated nutrition and fertility surveys in Senegal, for example, found evidence of, at most, a minor negative effect of malnutrition on fertility [60] . Two studies from Zaire, however, have reached conclusions that suggest a much more significant effect of nutritional status on fertility. Caraël's [61] analysis of data on lactation status and duration of post-partum amenorrhoea among women from two different ecological zones of Zaire found a strong relationship between birth intervals and nutritional patterns. Although the study did not have individuallevel dietary intake data, the researchers concluded that when duration of lactation was controlled, severe seasonal inadequacies of protein and lipids prolonged postpartum amenorrhoea seven to nine months among rural highland women. Even more compelling evidence comes from a more recent study in Zaire. Women living in different ecological zones were compared, but in this case the researchers were able to relate longitudinal anthropometric data and salivary measures of steroids (indicating ovarian function) with seasonal variations in conception. They concluded that Variability in the seasonal pattern of rainfall in the Ituri Forest causes variability in Lese garden size, which translates into significant changes in nutritional status. Declines in female nutritional status result in reduced ovarian function, which produces seasonal reductions in rates of conception and implantation [ref. 22, pp. 404-5] .
Despite widespread mild to moderate malnutrition, women in sub-Saharan Africa achieve quite high overall levels of fertility. Even more surprising, perhaps, is the fact that sub-Saharan African women produce infants with reasonably adequate birth-weights and successfully breastfeed, despite low energy intakes during pregnancy and lactation (in the range of 1,300 to 1,700 kcal) and a much lower weight gain during pregnancy (7 to 8 kg) than is recommended or observed among pregnant women in industrialized countries [1, 62] . Part of the explanation for this is the high rate of foetal wastage and maternal and infant mortality; in sub-Saharan Africa, the most malnourished foetuses, infants, and mothers simply do not survive.
Some researchers have hypothesized, in addition, an unusual capacity on the part of pregnant and lactating African women to adjust to or compensate for low food intake, but the findings are not consistent. A series of studies in the Gambia, for example, led to the conclusion that women are able to produce adequatebirthweight infants and adequate amounts of breastmilk by mobilizing rather than building up fat stores during pregnancy, particularly during the wet season, and by achieving considerably greater metabolic efficiency than women in industrialized countries [32, 63] . In particular, researchers in the Gambia reported that women raised their basal metabolic rates so little during pregnancy that the net extra cost of basal metabolism was only 1,000 kcal, rather than the usual estimate of 36,000 kcal, over the course of a pregnancy [33] . These findings are not entirely supported by the results of a longitudinal study of reproduction among Embu women in Kenya [31] . The Kenyan research also reports surprisingly good infant birthweight outcomes, in spite of low energy intake during pregnancy and a weight gain during pregnancy only half of what is recommended. However, in contrast with the reported findings from the Gambia, the Kenyan study found no compensatory lowering of resting energy expenditure among pregnant women. Instead, the researchers found a compensatory behavioural adaptation: late in pregnancy, women doubled their inactive time (at the expense of household care, child care, economic and agricultural activities, and food preparation) in order to accommodate to their low energy intakes relative to the energy requirements at this stage of pregnancy. In addition, the study found that as in industrialized countries, pre-pregnancy maternal size, energy intake during pregnancy, and pregnancy weight gain were all important determinants of infant birthweight and of net post-partum maternal weight and fat gain.
Physical work capacity
Both the long-term consequences of childhood malnutrition and current nutritional deficiencies may have significant effects on women's capacity for physical work. Given the strenuous nature of the major tasks of rural women in sub-Saharan Africa -pounding grain, carrying water and fuel, doing non-mechanized agricultural work, and walking to and from markets -a woman's physical capacity for work may be one of the most important determinants of her own and her family's nutritional well-being [5] .
In attempting to assess the effects of female malnutrition on physical work capacity, considerable extrapolation must be done from studies of males, since surprisingly little research has been done on women. The long-term effects of childhood malnutrition, acting through short stature and reduced muscle mass, have a reasonably clear negative effect on the productivity of men engaged in strenuous activities such as cutting cane or moving earth [64] . In addition, deficiencies of several micronutrients, particularly iron, but also vitamin C and the B-complex vitamins, have been found to have a negative effect on physical work capacity [46] . Intervention studies in which anaemic female tea pickers in Asia were given supplemental iron showed that those who were supplemented were significantly more productive than unsupplemented controls [5] .
There is less consistency in studies that have tried to assess the association between energy status and physical work capacity, in part because a frequent initial response to inadequate energy intake is to mobilize fat stores rather than to reduce work [38] . One study from Kenya did find a positive association between nutritional status and work capacity among women in sugar cane-farming households [65] . Women of higher BMI were able to spend more time in work-related activities, including home production, and at a given level of BMI, taller women appeared to engage in more energy-intensive work activities. In addition, the frequently cited report from researchers in the Gambia of women who received a dietary supplement and then sang while they worked in the fields (which they had not done previously) supports the importance of looking beyond physical capacity for work or labour productivity when assessing the functional consequences of adult malnutrition [66] .
Conclusion
The main cause of malnutrition of females in sub-Saharan Africa is the same as for males: household food insecurity due to unreliable food availability, compounded by extremely low, and for the most part falling, incomes. The individual nutritional status of both males and females in sub-Saharan Africa is further undermined by the continuing high burden of infectious disease in this region, which is particularly significant as a determinant of children's nutritional status. Additional important causes of poor nutritional status among adult women in sub-Saharan Africa are the high physiological burden of reproduction and the long hours of energyintensive work of most rural women in this region.
Female malnutrition in sub-Saharan Africa is responsible for a broad range of both short-term and long-term negative consequences. As a result of malnutrition, girls (like boys) suffer high levels of mortality and stunting in early childhood and poor school performance in later childhood. Malnutrition among adult women poses severe risks both to themselves and to their infants. Although stunting is not as widespread among women in most sub-Saharan African countries as in the rest of the developing world, the lack of access to timely medical intervention for cephalopelvic disproportion and prolonged labour puts women with inadequate pelvic development (whether due to size, age, or both) at extremely high risk. In addition, the high proportion of low-birthweight infants in many sub-Saharan African countries is substantially attributable to maternal malnutrition, both before and during pregnancy.
Although some researchers have suggested that sub-Saharan African women seem to "accommodate" remarkably well to inadequate food intakes, multiple pregnancies, long duration of breastfeeding, and long hours of energy-intensive domestic and market work, such a positive conclusion seems unwarranted. First, the extremely high infant, child, and maternal mortality rates and the short life expectancy in sub-Saharan Africa suggest that women and children who are severely malnourished in this region simply fail to survive, undoubtedly in part because of the high prevalence of infectious diseases and the lack of access to medical care. Even among those who survive, however, it seems almost certain that their marginal nutritional status severely restricts the energy that girls and women have for any activities beyond those that are essential for survival. It may turn out that this restriction on discretionary activities is most responsible for the perpetuation of malnutrition from one generation to the next and, therefore, that interventions to reduce female malnutrition could be one of the most effective
